Abstract-A new multi-energy computer tomographic system for small animals (MECT) was developed -and is now operative -with a quasi-monochromatic X-ray source. The system brings together two important features: the possibility to scan small animal with quasi-monochromatic X-ray beams and the possibility to select a multiple energy algorithm for the imaging reconstruction. The medical imaging with monochromatic beams is in fact the new frontier since it allows a new way to visualize selectively different tissues by injecting contrast medium but also without using it. Indeed, an Alvarez-Macovsky like algorithm can enhance the sensitivity of the imaging system to a contrast medium provided with a K-shell binding energy (for example, the iodine has a K-edge at 33.2 keY and the measured sensitivity enhancement is of about 10 times). Moreover, using monochromatic X-ray beams with different energies, it is possible to measure, point-by-point, the tissue density, the electron density and the effective atomic number, exalting the physicochemical information of tissues. These data are all available with a patient scanning using two (or better three) quasi-monochromatic X-ray beams at different energies. However, with a new reconstruction algorithm based on three different energy beams, the so-called projection artifact (due to not homogeneous density of the background) can be corrected, making the tissues separation and the visualization of very low concentration of contrast medium available.
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This facility and the new reconstruction algorithm, was developed to study, on small animals, the possibility to introduce new methods for the earlier diagnosis of the tumors, by exalting the precancerous tissue changes as, for example, the neo angiogenesis. Aim of this work is to discuss the imaging proprieties of the quasi-monochromatic CT, using both the images of dedicated phantom and in-vivo images of small animals.
is not yet available a source of U monochromatic radiation so intense to replace the bremsstrahlung spectrum in use in clinical applications. In fa ct, an X-ray tube fo r diagnostics may give out the order of magnitude of 10 10 7 10 13 photons cm· 2 S· l , depending on the application. Many studies have been carried out to use monochromatic radiation using filters [1] or to make possible the use of the Alvarez-Makowsky algorithm [2] , where two different energies are used to separate the contributions of different tissues directly in image acquisition, using two bremsstrahlung spectra with different kVp (see for example [3] ). The use of intense monochromatic X-ray sources like synchrotron [4] or the Inverse Compton scattering [5] , will not be practically usable for a long time yet. The use of a relatively new technology that makes use of slabs of pyrolitic graphite with highly oriented mosaic crystals, allows to generate -through Bragg diffraction -quasi monochromatic beams reducing intensities of only 1 order of magnitude fo r respect to the primary beam, leaving glimpse of the possibility of reaching a useful results in reasonable times.
In Fig. I two X-ray beams emitted from the same tube changing the peak high voltage power supply (kVp) are shown. For comparison, the Fig. 2 shows some spectra generated from the monochromator that is an integral part of the MECT. which surround him. In particular, the Alvarez-Makowsky's algorithm [2] relies on the assumption that the mass attenuation coefficient of any material r can be expressed, above the K-edge, as a linear combination of the mass attenuation coefficients of any two suitably chosen basis materials a, /3:
(1) So, if the logarithmic attenuation L1 of an absorbing material is measured at two different energies E/, E], then the linear system
can be solved [6] for the equivalent thicknesses A, B. For any material r these coefficients represent the thicknesses of two basis materials which, superposed, provide the same X-ray transmission as material r In practice, it is possible to produce different images weighted for the material A (for example water) or weighted for the material B (for example iodine). In the first case, soft tissues water-equivalent are highlighted at the expense of iodine; in the last case, iodinated vessels are highlighted with cancelation of soft tissues (see Fig. 3 ).
Recent developments have led to the use of the multi-energy technique for the reconstruction of the physicochemical composition of the tissue under examination: one can derive the density p and an explicit expression for the Z e fT of a tissue [7] as a function of the relative radiographic reflex R, obtained from the ratio of the logarithmic attenuation of two monoenergetic beams with different energies [8] , [9] . The parameters p and Z e fT show complementary information about tissues, the density p reflects the morphology, the atomic number Z e fT (mean number of electrons/atom) describes the material distribution. So both parameters have the potentiality to distinguish the biological tissues by means of a breakdown between the constituent elements. And also the pathological tissues from healthy ones [10] . The tomograph was entirely developed at the Departement of Physics of the University of Bologna (Fig. 4) to perform all described methodic to study the effective importance of the use of monochromatic beams in radiology and specifically to search tumoral pathologies that may be early highlighted in minimally invasive mode by means of the imaging with quasi monochromatic X-rays beams [11].
II. THE MONOCHROMATOR AND THE DETECTOR
The diffracting target is a higly oriented pyrolitic graphite crystal (HOP G) that allows a high reflectivity also for the higher orders of diffraction. It has a measured mosaic spread of (0.26 ± 0.1) degrees, a thickness of 1 mm and a surface area of 168 x 120 mm 2 . The energy of the beam varies from 26 keY to 56 keY (1 sl order of diffraction), with energy spread (FWHM) from 2.9 keY to 7.1 keY, respectively. The relative intensity of the diffracted beam is up to 7.5% of the incident polychromatic beam (Fig. 5) . Using the 2n d order of diffraction, peaks up to 72 keY can be produced.
Detectors are of two types: a couple of linear CCD (150 x 6 mm 2 ) produced from Hamamatsu, covered from a FOS with 100 11m of columnar growth CsI(TI) with custom readout electronics and an optical system with interchangeable 70 x 50 mm 2 scintillator slab, a 45° highly reflectance mirror that focuses an high sensibility Peltier-cooled CCD. In Fig. 6 the control monitor of the software developed for acquire images with the linear CCD detector is shown. This detector allows a tomographic projection of 1,500 mm. 
III. THE TRIPLE ENERGY ALGHORITM
Triple-energy radiography is an important technique, able to provide accurate estimations about the investigated materials. These information are determined by acquiring images of the analyzed object at three different energies. The triple-energy algorithm is here applied to reconstruct quantitatively the distribution of a contrast medium (Iodine) into the sample. The technique permits to remove completely the background signal from the image: the result is an image that contains only the signal of the Iodine. With respect to dual-energy techniques, the use of three energies is essential when the background has an inhomogeneous composition. For instance, if the background contains soft tissue and a layer of bone, the dual energy reconstructed signal of Iodine is significantly distorted (Fig. 6) . Adding the third energy, the projection errors are drastically reduced, and the accuracy of the signal much increased also to low concentration of Iodine (Fig. 7) . Hence, the removal of the projection error enables the quantitative imaging of Iodine. If we take the logarithm of the transmitted to incident photon flux ratio T= In(N/NO), for the same sample at three different energies, we can generalize the Beer-Lambert attenuation law to the case of multiple beams. We can write:
Where T is the collection of the logarithmic attenuation of the three beams, L is the set of mass thicknesses (product of density and thickness) of the basic materials, and A is a 3x3 matrix whose elements are Pi (k), namely the mass-attenuation coefficients of the i-th material at the k-th energy. Solving the system for L, we obtain the image of Iodine L contrast medium, and the background projection over the two basics materials Ll and L2: energies algorithm was: (158 ± 6) mg/ml, (100 ± 8) mg/ml and (45 ± 8) mg/ml. The first milling on the top was filled with lead (black reference), the second with 170 mg/ml of iodinated solution, the third with 105 mg/ml and the bottom with the 51 mg/ml.
V. CONCLUSION
The results are encouraging but much work still remains to be done: the other detectors described are still to characterize before starting an in vivo campaign for the study of early detection of cancer. 
IV. MEASUREMENTS OF THE IODINE CONCENTRATION
To verifY the precision of the system to measure the concentration of iodinate contrast medium, a phantom of AI with 5 millings 5 mm deep was prepared. Fig. 8 shows the images of the phantom taken at different energies. The iodine concentration measured on the image obtained with the tree
